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Introduction
Tree-ring width records are most often used as proxies to reconstruct past climatic variations, and so it is very important to create tree-ring chronologies that would be unaffected by different nonclimatic effects like the biological unique of each individual tree, and micro-environmental conditions of the tree growth, and so reliable indeed. Initially, dendrochronologists mainly tried to reconstruct interannual and interdecadal climatic variations. For this goal it was enough to remove a general trend of the tree growth from each individual tree-ring record to reject agedependent variations of the growth from further consideration (Fritz, 1976) . This simple technique has been called the "classic" standardization (CLS). Unfortunately, the procedure of the trend removing was very subjective in practice of the CLS use. Moreover, it has been proved that CLS is inadequate if the reconstruction of longer (centennial and many-centennial) climatic variations is of interest. It was so because the climate-induced variations periods of which are commensurate to longevities of the trees under consideration turned out to be removed along with the truly age-dependent variations (Cook et al., 1995; Briffa et al., 1996) . To overcome this defect, several new kinds of the standardization have been developed such as the age-banding technique and the regional curve standardization (RCS).
RCS is most popular now (Briffa et 
Materials and Methods

Data
The goal of this paper is to testify applicability of the eigen analysis technique to create tree-ring chronologies for both longand short-living trees. Especially, we try to corroborate that the modes of the tree growth are the same for both long-and short-living trees, and these modes may be depicted well using the basis of the first segments of the Bessel function of the first kind and zero order. It means that these modes are age-dependent. This agedependence is a very serious obstacle to create any reliable tree-ring chronology. Therefore, we indicate a simpler way, in comparison with the way indicated previously (Yang et al., 2012b) , how it is possible to escape the age-dependence of the Bessel basis.
The first application of the eigen analysis of tree-ring records has been previously done (Yang et al., 2012a (Yang et al., , 2012b In particular, a multi-proxy analysis (Yang et al., 2000) revealed that the Medieval Warm Epoch was wet and warm, and the Little Ice Age was dry and cold in the Dulan region, although more essential variations were inherent to both of these epochs on centennial and multi-decadal scales in comparison with Europe.
We also used the well-known set of larches sampled by S.G. Shiyatov and his colleagues in the Yamal peninsula (Hantemirov, Shiyatov, 2002) , and a subset of the 233 tree-ring width records with longevity no less than 200 years has been chosen from this set.
Besides, in order to corroborate the results published in Yang et al. (2012a Yang et al. ( , 2012b and improve the eigen analysis technique we used a much larger sample set (834 records) of the same tree species S. przewalskii, both living and archeological trees. This set has been sampled from four mountain valley around the Dulan region. There is full information about pith and bark for each record of this sample set, and careful cross-dating has been done as well. This sample set has been decomposed into six subsets: from 200 to 400 (219 records), from 400 to 600 (220 records), from 600 to 800 (151 records), from 800 to 1000 (122 records), from 1000 to 1500 (91 records), and more than 1500 (31 records) years.
Our eigen analysis technique has been applied to each of these subsets. But in this paper we demonstrate the eigen analysis results for the subset 600-800 years only. It is because of two reasons. First, the respective results for all other subset are practically the same as for the subset chosen to demonstrate. Second, the subset chosen is of the same longevity that was inherent to the sample of 56 Dulan's junipers used for our first demonstration of the eigen analysis technique (Yang et al., 2012a (Yang et al., , 2012b .
Mention only that we used a slightly improved preprocessing of the long-living Chinese junipers before doing the second step of our eigen analysis. All individual records were scrutinized to recognize the grand maximum of the juvenile tree growth, and all innermost rings before this grand maximum were excluded from further consideration in each individual record. As a rule, the number of the excluded innermost rings was less than 10. But, in some (rather seldom) cases this number was essentially more (up to 60 rings), or, to the contrary, it was equal to zero. Such exclusions of a number of innermost rings was done because these rings are known to be the main source of the tree-ring width record heteroscedasticity. Besides, in order to more diminish heteroscedasticity, we fulfilled the normalization of the remaining parts of the records, i.e. each tree-ring index (computed by means of subtraction of RC from ring width) was divided by the root-mean-square value of the indices of the respective age computed for the studied subset.
Method of the tree-ring record analysis
The starting point of our study is to treat any large set of tree-ring records as a random sample from an unknown probabilistic ensemble. This ensemble is characterized by a probability distribution of the ring width (density, isotope, The starting point of our study is to treat any large set of tree-ring records as a random sample from an unknown probabilistic ensemble. This ensemble is characterized by a probability distribution of the ring width (density, isotope, etc.) values, with its normal (RC) and deviations from RC (index time series) characterized by second-order statistics such as the intra-record covariation matrix, i.e. covariations between all pairs of index values of each tree-ring record averaged over the entire sample set of the records analysed:
The computation of the matrix (1) is especially easy if the length is the same for all records analysed.
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the modes (eigenvectors). Indeed, the main interest in paleoclimatology is to reconstruct centennial/multi-centennial climatic variations. In the general case (see Sonechkin, 1971 for explanation), the shape of the eigen vector is so more oscillatory than the number of this eigenvector is larger. By this reason, one can usually exclude from further consideration those ) (k i PC for K k ) > , and try to reconstruct age-free variations of tree growth over an interval of calendar years (create a tree-ring chronology) by means of a summation of only the ) (k i PC corresponding to larger eigen values:
However, the afore-mentioned endogenous micro-environmental variations and the unique biological nature of each tree, which affect growth of individual trees, unfortunately turn out to be characterized as being very low-frequency. Therefore, as it has been shown (Yang et al., 2011), the intra-record covariation matrix does not reveal any essential decrease to zero when the age shift between compared pairs of tree-rings increases. As a result, the largest eigenvalue corresponds to that mode (eigenvector) which components are of the same sign. Moreover, the shape of this eigenvector is very specific and age-dependent. It can be approximated well by the corresponds to that mode (eigenvector) which components are of the same sign. Moreover, the shape of this eigenvector is very specific and age-dependent. It can be approximated well by the very first segment of the Bessel function of the first kind and zero order (Yang et al., 2011 (Yang et al., , 2012a In sum, when the eigen analysis of tree-ring records is used, the steps of the tree-ring record processing are follow:
-Selection of a subset of records of a certain length from a (rather large) sample set of tree-ring records of interest.
-Alignment of all records of this subset according to their biological ages in order to compute the RC of the subset. 
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means that the contributions of the first principal component for all trees
may b3e used to include its contribution into the tree-ring chronology.
Results
Short-living trees
In our application of the eigen analysis 
Long-living trees
Processing the new subset of the longliving Chinese junipers, we used the eigen analysis technique with some improvements. (Fig. 6) . Indeed, these new curves of the tree growth with a certain confidence.
We suppose that such improved eigen analysis technique will be capable to reproduce climateinduced tree growth variations commensurate to the overall length of the tree-ring records being used.
Conclusion
Verifying the new technique of the eigen analysis of tree-ring records technique on a sample set of relative short-living larches growing in the Yamal Peninsula we confirm that the eigen analysis can be really applied to relative shortliving trees sampled in cold and wet regions near the upper and northern timberline of the North Eurasia.
Considering an the essentially larger sample set of the long-living Chinese junipers, we also confirm all results of the eigen analysis obtained in our pioneering study published earlier (Yang et al., 2011 (Yang et al., , 2012a (Yang et al., , 2012b . Namely, the regional curve does not include within itself all peculiarities of the tree growth depending from the age of trees.
Some of these peculiarities remain to be inherent to the tree-index time series independently from the definition used to compute deviations of individual tree-ring width records from this regional curve.
